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Introduction 

Invasive aquatic plants are 

non-native and have few natu-

ral enemies to limit their 

growth (Wilcove et al. 1998, 

Pimentel et al. 2000). They de-

grade native aquatic ecosys-

tems (Barrett 1989, Les and 

Mehrhoff 1999), discourage 

recreation, and reduce real es-

tate values (Connecticut 

Aquatic Nuisance Species 

Working Group 2006, Fishman 

et al. 1998). Once invasive 

plants are established, long-term costly management programs are often necessary. Hy-

drilla (Hydrilla verticillata) is among the most troublesome invasive aquatic plants in many 

southern states. Often referred to as the perfect weed (Langeland 1996), hydrilla can 

spread and persist by multiple methods including fragments, turions, tubers, and possibly 

seeds (Figure 1).  

The Connecticut River winds 410 miles from the Canadian border to Long Island Sound. 

Its water sustains terrestrial and aquatic habitats that are critical to fisheries, wildfowl, and 

a multifaceted ecosystem. Sightings of bald eagles are common along the river with at least 

50 nesting pairs in Connecticut (Buck 2020). Recently, a cyanobacteria found in stands of 

hydrilla has been linked to wildfowl neurotoxins that may have caused the deaths of hun-

dreds of bald eagles in South Carolina and Arkansas (Breinlinger et al. 2021). 

Following reports of hydrilla in the southern portion of the Connecticut River in 2016, a 

task force led by the Connecticut Agricultural Experiment Station Invasive Aquatic Plant Pro-

gram (CAES IAPP) in conjunction with the Northeast Aquatic Nuisance Species Panel (NE-

ANS) performed a preliminary hydrilla survey of the river from central Vermont/New Hamp-

shire to southern Connecticut in 2018. The northernmost hydrilla sightings occurred in 

southern Massachusetts (Figure 2). From the Connecticut border south, the plant became 

Figure 1. Characteristics of hydrilla: turions (top left), fragments 

(top right), tubers (bottom left), whorls (bottom right). 
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common with portions of the 

river and its coves choked with 

the weed. The densest beds oc-

curred in protected coves and 

on shallow shoals. In some 

coves, hydrilla spread over the 

surface making access by boat 

nearly impossible. Finding such 

dense stands in a northern 

state is alarming. CAES IAPP 

has found small populations in 

several lakes, but these do not 

compare to the extensive areas 

in the Connecticut River. Creat-

ing further worries, the Con-

necticut River hydrilla is far more robust than that found elsewhere in the state (Figure 

3). Genetic testing funded by NEANS found the Connecticut River hydrilla is not like any 

previously found in North America and is most closely related to strains in eastern Asia 

(Tippery et al. 2020).  In ad-

dition to damage to the 

Connecticut River and its 

tributaries, the spread of 

hydrilla to lakes and ponds 

is a major concern. Man-

agement cost for even 

small hydrilla populations 

can be high. For instance, 

the cost for hydrilla control 

with herbicides in Coventry 

Lake, CT currently exceeds 

$100,000 annually (Lein-

inger, 2018). Other invasive 

Figure 2. Dense hydrilla at northernmost site in Agawam, MA. 

Figure 3. Hydrilla found in Coventry Lake by CAES IAPP in 2015 (left) 

versus the more robust hydrilla found in the Connecticut River in 

2021 (right) 
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aquatic plants are also a concern in the Connecticut River. These include Eurasian watermil-

foil (Myriophyllum spicatum), fanwort (Cabomba caroliniana), curlyleaf pondweed (Potamo-

geton crispus), water chestnut (Trapa natans), and variable-leaf watermilfoil (Myriophyllum 

heterophyllum). Water chestnut management by early-season harvesting has been ongoing 

for years in the Connecticut River and has reduced but not eliminated the plant’s presence. 

Since 2004, CAES IAPP has surveyed or resurveyed aquatic vegetation and monitored 

water chemistry in over 250 lakes and ponds (Figure 4). Fifty-five percent contain one or 

more invasive plant species. The presence of invasive species appears related to water 

chemistry, public boat launches, random events, and climate change (Rahel and Olden 

2008). CAES IAPP information is stored online where stakeholders can view publications, 

digitized vegetation maps, transect data, herbarium mounts, and water chemistry including 

temperature, dissolved oxygen, clarity, pH, alkalinity, conductivity, phosphorus, and nitro-

Figure 2. Occurrences of invasive aquatic plants in Connecticut lakes and ponds as deter-

mined by CAES IAPP from 2004 – 2021. 
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gen (CAES IAPP, 2021).  This information allows citizens, government officials, and scien-

tists to view past conditions, compare them with current conditions, and make educated 

management decisions.  

In 2019, with funding from the Connecticut River Gateway Commission and the Eight-

mile River Wild and Scenic Watershed, CAES IAPP surveyed the lower Connecticut River from 

East Haddam, CT to Long Island Sound. Previously no rivers had been surveyed by CAES 

IAPP, thus this was an important expansion of the program. The invasive species found in 

the lower section included hydrilla (189 acres), Eurasian watermilfoil (130 acres), fanwort (4 

acres) and less than one acre of water chestnut, curlyleaf pondweed, and variable-leaf wa-

termilfoil (Figure 5) (Bugbee and Stebbins, 2021). An interactive web app has been created 

to display the extent of invasive aquatic plants in the lower river (https://por-

tal.ct.gov/CAES/Invasive-Aquatic-Plant-Program/Connecticut-River/Connecticut-River-2019). 

This 2020/21 CAES IAPP aquatic invasive plant survey of the middle and upper portions 

of the Connecticut section of the Connecticut River compliments the 2019 survey of the 

lower section and completes the project. In addition, overwintering strategies of the genet-

ically distinct hydrilla biotype are documented and management options are explored. 

Figure 3. Acreage and abundance of invasive aqutic plants in the lower portion of the Connecticut 

section of the Connecticut River in 2019. 

https://portal.ct.gov/CAES/Invasive-Aquatic-Plant-Program/Connecticut-River/Connecticut-River-2019
https://portal.ct.gov/CAES/Invasive-Aquatic-Plant-Program/Connecticut-River/Connecticut-River-2019
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 Materials and Methods 

We surveyed from the northern border of the Gateway Conservation Zone (East Hamp-

ton/East Haddam border in Connecticut) for hydrilla and other invasive aquatic plants to 

the northernmost point of hydrilla in the river (Agawam, MA) in the summers of 2020 and 

2021. A combination of visual sightings, rake tosses, and sonar with rake toss confirmation 

were used to locate plants. Using ESRI® and Trimble® geospatial technology with sub-meter 

accuracy, invasive patches greater than one square meter (0.0002 acres) were marked with 

polygons and smaller areas were marked with points. Each stand of invasive plants was as-

signed a qualitative density ranking (1 = very sparse/single plant – 5 = dense/to surface), 

and depth was recorded. When field identifications were questionable, we brought samples 

back to the lab for review using the taxonomy of Crow and Hellquist (2000a, 2000b). Data 

were uploaded to a geographic information system (GIS) and digitized maps were created. 

We post-processed the GPS data in Pathfinder® 5.85 (Trimble Navigation Limited, 

Sunnyvale, CA) and then imported it into ArcGIS Pro 2.9.0 (ESRI, Redlands, CA) where it was 

geo-corrected. Data were then overlaid onto 2010 United States Department of Agriculture 

- National Agricultural Inventory Program (NAIP) aerial imagery with one-meter resolution. 

Using ESRI® ArcGIS Pro and ArcGIS online, an interactive web app was also created that can 

be found on our website (https://caes.maps.arcgis.com/apps/webappviewer/in-

dex.html?id=007f6ee203b74bcbb1d6e68a953d8baf). 

To provide added quantitative data on the invasive and native aquatic plant community, 

we established 31 reference transects. The transects were spread out along the east and 

west shores of the river and its coves where plant diversity was relatively high. Each tran-

sect contained 10 points (0.5, 5, 10, 20, 30, 40, 50, 60, 70 and 80 m from shore), and ef-

forts were made to include at least one point with each invasive and native plant species.  

We recorded each plant species, abundance, depth, and sediment type. At least one speci-

men of each plant species found on transects was dried, pressed, mounted, and cataloged 

in the CAES IAPP herbarium where they can be viewed in digital format (https://por-

tal.ct.gov/CAES/Invasive-Aquatic-Plant-Program/Herbarium/Herbarium).   

https://caes.maps.arcgis.com/apps/webappviewer/index.html?id=007f6ee203b74bcbb1d6e68a953d8baf
https://caes.maps.arcgis.com/apps/webappviewer/index.html?id=007f6ee203b74bcbb1d6e68a953d8baf
https://portal.ct.gov/CAES/Invasive-Aquatic-Plant-Program/Herbarium/Herbarium
https://portal.ct.gov/CAES/Invasive-Aquatic-Plant-Program/Herbarium/Herbarium
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Objectives 

• Survey the middle and upper sections of the Connecticut portion of the Connecticut 

River for invasive aquatic plants and provide detailed digitized maps. 

• Determine the mechanism for hydrilla overwintering and spread.  

• Provide preliminary guidance on managing invasive species with reference to hy-

drilla.  

Results and Discussion 

Invasive Aquatic Plant Survey  

 Our 2020/21 survey of the middle and upper sections of the Connecticut portion of 

the Connecticut River found four invasive aquatic plants: curlyleaf pondweed, Eurasian wa-

termilfoil, hydrilla, and water chestnut (Maps 1 – 4, see appendix for plant descriptions and 

close up maps). Fanwort, common in the lower portion of the river, was not observed. Nei-

ther was variable-leaf watermilfoil. Overall, these sections were comprised of frequent 

patches and points of hydrilla along the main stem’s shore at depths of 0-2 meters. Depths 

were dependent on the river’s height, which was primarily determined by tides and flow 

Figure 4. Acreage and abundance of invasive aquatic plants in the middle and upper sections of 

the Connecticut portion of the Connecticut River in 2020/21. 
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rates. At low tide, beds of aquatic vege-

tation, including invasives, were often 

exposed. At depths greater than 2 me-

ters, aquatic vegetation was rare, likely 

due to poor light penetration caused by 

brown organic derivatives and sus-

pended silt. Suspended silt was notice-

ably greater during periods of high 

boat activity when wakes caused shore-

line disturbance.  

Invasive aquatic plants inhabited 

four general river habitats: the main 

stem, coves, marinas, and tributaries. 

Hydrilla was by far the dominant spe-

cies in the middle and upper sections of 

the Connecticut River, occupying 653 

acres (Figure 6). Eurasian watermilfoil 

was the second-most abundant with 84 

acres. Water chestnut and curlyleaf 

pondweed were present in much 

smaller amounts with 2.7 and 0.2 

acres, respectively. Our survey was con-

ducted after considerable water chest-

nut control via harvesting had reduced 

its abundance. Our surveys ventured 

into coves, tributaries, and marinas 

which were typically heavily impacted 

by “topped out” nearly impenetrable hydrilla. The most notable locations were the Matta-

besset River, Middletown (Figure 7), Keeney Cove, East Hartford (Figure 8), Portland Boat 

Works, Portland, Saint Clements Marina, Portland (Figure 9), and Wethersfield Cove, Weth-

ersfield. The northernmost hydrilla location is adjacent to Six Flags New England amuse-

ment park in Agawam, MA (Figure 2). In the main stem, hydrilla was often denser on the 

western side of the river.  

Figure 7. Dense hydrilla in the Mattabesset River, Mid-

dletown in 2020. 

Figure 8. Dense hydrilla in Keeney Cove, East Hartford 

in 2021. 

Figure 9. Dense hydrilla in St. Clements Marina, Portland 

in 2020. 
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Map 1. Map of the area from Agawam, MA to East Windsor, CT. For further detail see maps in 

appendix or go online to view the web app: https://bit.ly/3GqfQwp.  

https://bit.ly/3GqfQwp
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Map 2. Map of the area from Windsor Locks to East Hartford, CT. For further detail see maps in 

appendix or go online to view the web app: https://bit.ly/3GqfQwp.  

https://bit.ly/3GqfQwp
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Map 3. Map of the area from East Hartford to Cromwell, CT. For further detail see maps in appendix 

or go online to view the web app: https://bit.ly/3GqfQwp.  

https://bit.ly/3GqfQwp
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Map 4. Map of the area from Glastonbury to Haddam, CT. For further detail see maps in appendix 

or go online to view the web app: https://bit.ly/3GqfQwp.  

https://bit.ly/3GqfQwp
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Eurasian watermilfoil was 

common in the main stem 

from Rocky Hill, CT to Had-

dam, CT (Maps 3 & 4). 

North of Rocky Hill, Eura-

sian watermilfoil was very 

sparse or absent in the 

main stem but was more 

abundant in coves and trib-

utaries (Maps 1 – 3). Coves 

often contained a high di-

versity of shoreline plants 

whose identification was 

beyond the scope of this 

work. Often hydrilla and 

Eurasian watermilfoil were 

mixed with eelgrass (Vallis-

neria americana). The 

roughly five-mile section of 

the river from Thompson-

ville to Windsor Locks, CT 

was shallow, rocky, and 

featured minimal aquatic 

vegetation (Maps 1 & 2). 

Tributaries often contained hydrilla, Eurasian watermilfoil, and occasional water chestnut 

considerable distances from the main stem. The Mattabesset River was heavily infested 

with hydrilla with sparse Eurasian watermilfoil and considerable water chestnut for roughly 

2.5 miles upstream from the Connecticut River. Hydrilla was less common in the Farming-

ton River, only extending about one mile upstream. 

On our 31 reference transects, 4 invasive and 22 native plant species were present (Ta-

ble 1). The  frequency of occurrence (FOQ) on transects of the four invasive species were 

28.4% - hydrilla, 4.5% - Eurasian watermilfoil, 0.6% - water chestnut, and 0.3% - curlyleaf 

pondweed. Eelgrass was the most common native species found on transects with a FOQ of 

Table 1. Frequency of occurrence and species richness of aquatic 

plant species on transects located in the middle and upper sections 

of the Connecticut portion of the Connecticut River. 
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23.2%. Eelgrass is considered a prime habitat for 

juvenile fish, and its potential replacement by inva-

sive species is a concern. The remaining native 

species had FOQ’s less than 6%.  

Determining the Mechanisms for Hydrilla 

Overwintering and Spread 

Connecticut River hydrilla is genetically unique 

compared to hydrilla from other parts of the world 

(Tippery et al. 2020) and looks considerably more 

robust than hydrilla from other parts of the state. A 

key means of reproduction and overwintering for 

hydrilla found outside the Connecticut River is 

propagules called tubers that arise from the root 

system (Figure 1). Because they form in the sub-

strate and last for many years, they often escape 

hydrilla control tactics such as harvesting and 

herbicides. Observations by CAES IAPP and others 

have not found tubers associated with the Con-

necticut River hydrilla. In late spring and early sum-

mer 2021 we monitored the hydrilla regrowth in 

and around Wethersfield Cove (Figures 10 – 12). 

Using rakes, grapples, and core samplers we deter-

mined regrowth was from a combination of frag-

ments and asexual propagules formed on stems or 

root/stem interface called turions (Figure 11). 

Aquatic Vegetation Management Options 

Managing nuisance aquatic vegetation in the 

Connecticut River will be challenging because the 

river has extensive areas of desirable native vegeta-

tion such as eelgrass and numerous state-listed 

Figure 10. Searching for tubers with coring 

tools and sieves in Wethersfield Cove, May 

2021. 

Figure 12. Dr. Mark Heilman examining hy-

drilla in the Connecticut main stem just 

south of Wethersfield Cove,  June 2021. 

Figure 11. Turions associated with hydrilla 

regrowth in Wethersfield Cove, June 2021. 
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species. River flow and tidal movement will also enhance distribution and establishment of 

plant propagules. In addition, large numbers of residents utilize the river’s numerous boat 

launches, promoting movement of invasive species by 

boat trailering. Since 2019, hydrilla fragments on 

boats last used in the Connecticut River,were inter-

cepted by inspectors at launch ramps at Lake George, 

NY and Lake Champlain, VT (Craig 2020, LCBP 2019). 

Management options include preventing offsite move-

ment through education and launch site monitors as 

well as active controls such as harvesting, herbicides, 

benthic barriers, and biological controls if discovered. 

Sometimes no management may be preferable.  

Education includes media reports, workshops, signage, and inspections. Signage that 

conveys the hydrilla problem has been developed by the Connecticut Department of Energy 

and Environmental Protection (CT DEEP) for state-owned launch ramps and by NEANS for 

private access points (Figure 13). A primary reason for the signage is to prevent the move-

ment of hydrilla and other invasive species to uninfested lakes and rivers. Boat launch mon-

itors and dedicated cleaning stations are also helpful. CAES IAPP provides invasive aquatic 

plant workshops to educate government officials, citizen scientists, boat launch monitors, 

and the public on how to identify, report, and manage non-native species. To request a 

workshop, visit our website (https://portal.ct.gov/caes-iapp). These educational opportuni-

ties often lead to early detection when response efforts can be most effective.  

Figure 5. Boat launch signage describ-

ing hydrilla problem. 

Figure 146. CT DEEP hand harvesting water chestnut (left, photo credit Judy Preston, CT Sea Grant). 

Mechanical harvesting of hydrilla (right, photo credit Given’s Shorescapes). 

https://portal.ct.gov/caes-iapp
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Harvesting is particularly effective on pioneer infestations and plants species that are 

near the surface, have annual root systems, and do not propagate by fragmentation, seeds, 

tubers, or turions (Figure 14, right). Water chestnut meets these criteria if harvesting is ac-

complished early in the season prior to seed development. Harvesting of water chestnut in 

the Connecticut River has been in progress for many years (Figure 14, left). Normally hy-

drilla is not well suited to harvesting because the plant’s tubers and turions remain in the 

sediment and lead to regeneration. The apparent lack of tubers in the Connecticut River 

strain of hydrilla may make this technique more effective. 

Herbicides can be effective in controlling unwanted aquatic vegetation particularly when 

species are susceptible, resistant propagules are lacking, and water movement is minimal. 

In Connecticut, herbicide applications will need clearance from CT DEEP Pesticides Unit and 

the Natural Diversity Database. In addition, each town where the applications are to occur 

will need to be notified and allowed to comment. Herbicides fall into two general catego-

ries. Those that act on contact with the vegetation and those that are systemic and travel 

throughout the plant. Contact herbicides usually provide fast results with short-term (single 

year) benefits (AERF, 2014). Systemic herbicides are slower acting but can travel to the 

plants root system where both the above and below sediment plant parts are eliminated 

creating longer term control. Herbicides must also be chosen carefully as some have effi-

cacy on certain target species and not others. No herbicide trials have yet been performed 

on the Connecticut River biotype. In addition, desirable plants, particularly those that are 

state-listed due to their rarity, may need to be tolerant. Specifics on the use of aquatic herb-

icides in Connecticut are found in CT DEEP publication entitled “Nuisance Aquatic Vegeta-

Figure 15. Herbicide injection system successfully used on the Croton River to control hydrilla (photo 

credit New York Department of Environmental Conservation). 
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tion Management: A Guidebook” (CT DEP, 2005). In addition to being costly, herbicide ap-

plications are often polarizing and controversial. 

Work by the New York State Department of Environmental Conservation on hydrilla in-

fested portions of the Croton River found low dose injections of the herbicide fluoridone 

upstream caused a substantial decrease in hydrilla after five years of treatments (Figure 15, 

McGlynn and Eyres, 2018). CAES IAPP is currently testing a new herbicide called Procel-

laCOR that has the potential for improved control of hydrilla compared to many existing 

products.  

Benthic barriers or “bottom blankets” are effective at eliminating nuisance vegetation in 

small areas such as swim zones, around docks, and pioneer infestations. CAES IAPP has 

tested short-term placement (<30 days) of the barriers in Lake Quonnipaug and Bashan 

Lake with outstanding results. Season-long control of Eurasian watermilfoil and fanwort 

was achieved, and similar results would be expected for hydrilla. Thus, although labor in-

tensive, benthic barriers may be able to be moved from place to place during a season for 

effective control. Use may be most effective in smaller marinas. In 2021, in cooperation 

with the Connecticut River Conservancy, CAES IAPP tested the applicability of benthic barri-

ers in the Connecticut River at Portland Boat Works (Figure 16, left).  Although somewhat 

difficult to place in flowing water, installation during slack tide proved feasible, and high 

flow from subsequent heavy rains did not dislodge the benthic barriers. Placement in mid- 

Figure 16. CAES IAPP testing of short-term benthic barriers on the Connecticut River at Portland Boat 

Works. 
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May with removal in early June gave season-long control (Figure 16, right bottom). Place-

ment in mid-July with removal in mid-August proved less effective as established hydrilla 

was pressed down and pushed out by the barriers resulting in excessive growth along the 

sides (Figure 16, right top).   

Although efforts are underway to find biological controls for nuisance aquatic vegeta-

tion, breakthroughs have been limited. CAES has worked with officials from the United 

Sates Department of Agriculture to find new plant pathogens and insects that control nui-

sance aquatic plants with little success. To date the only biological control used in Connect-

icut is grass carp (Ctenopharyngodon idella) (Figure 17). Grass carp are herbivorous fish 

that feed on most submersed aquatic plants but prefer hydrilla. Over-stocking in some wa-

terbodies has led to an undesirable reduction in plants needed for fish and other wildlife. 

The introduction of grass carp into Connecticut lakes requires approval by CT DEEP. In Con-

necticut, only sterile grass carp (triploid) are permitted. Introducing grass carp in the Con-

necticut River would likely be highly scrutinized by regulatory officials because of potential 

harm to nontarget species and their propensity to migrate from where they were stocked.  

Forgoing management in concert with spread prevention actions is sometimes prefera-

ble if the collateral impacts of methods are unclear, the problem has been inadequately de-

fined, funding is inadequate, public support is lacking, and/or further research is needed. 

Additional surveillance should be considered to quantify hydrilla and other invasive aquatic 

Figure 17. Grass carp introduction into Candlewood Lake in 2015 (left). By 2018 the fish had shown 

considerable growth (right). 
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plants’ rates of spread, or lack thereof, in the Connecticut River so that management op-

tions can be prioritized.  

Conclusions 

 This report completes the CAES IAPP invasive aquatic plant survey of the Connecti-

cut portion of the Connecticut River including its coves and tributaries. Included in this re-

port is surveillance of the Connecticut River’s middle and upper sections performed in 

2020 and 2021which compliments the CAES IAPP survey of the river’s lower section per-

formed in 2019. Results of the lower river’s survey can be viewed online (https://por-

tal.ct.gov/-/media/CAES/DOCUMENTS/Publications/Bulletins/B1072.pdf). Our 2020/21 

survey of the middle and upper sections of the Connecticut portion of the Connecticut 

River found four invasive aquatic plants: curlyleaf pondweed, Eurasian watermilfoil, hydrilla, 

and water chestnut and 22 native aquatic plants. Hydrilla was by far the most dominant 

species occupying 653 acres followed by Eurasian watermilfoil which occupied 84 acres. In 

the river’s main stem, hydrilla was typically more abundant on the western side. Genetic 

testing of the hydrilla proved it to be a biotype different than that found elsewhere in North 

America with its most unique feature being a lack of tubers. Water chestnut and curlyleaf 

pondweed were present in much smaller amounts with 2.7 and 0.2 acres, respectively. Our 

survey was conducted after considerable water chestnut control via harvesting had oc-

curred which reduced its abundance. Our surveys ventured into coves, tributaries, and ma-

rinas which were typically heavily impacted by “topped out” nearly impenetrable hydrilla. 

The northernmost hydrilla location is adjacent to Six Flags New England amusement park 

in Agawam, MA. Hydrilla typically occurred at depths of 0-2 meters. Depth limitation ap-

peared dependent on tides and poor light penetration caused by organic derivatives and 

suspended silt. Often hydrilla and Eurasian watermilfoil were mixed with native eelgrass 

which is a valuable habitat for juvenile fish.  

Managing nuisance aquatic vegetation in the Connecticut River will be challenging be-

cause of river flow, tides, state-listed species, suspended sediment, numerous stakehold-

ers, and complications involving multiple municipal and state jurisdictions. Options include 

harvesting, herbicides, biological controls, and benthic barriers. Sometimes no manage-

ment is preferable. Signage, other forms of education, boat launch monitors, and cleaning 

stations can help prevent spread to uninfested waterbodies. These options will likely need 

https://portal.ct.gov/-/media/CAES/DOCUMENTS/Publications/Bulletins/B1072.pdf
https://portal.ct.gov/-/media/CAES/DOCUMENTS/Publications/Bulletins/B1072.pdf
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further research before large-scale application is employed. Additional surveillance should 

be considered to quantify changes in the abundance of hydrilla and other invasive aquatic 

plants to prioritized management options. 
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Connecticut River Map Close-ups 
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Herbarium Mounts of Plants Found onTransects  

(Common names in Table 1) 
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Invasive Aquatic Plant Locations 
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